Sucrose synthase (EC 2.4.1.13) of sugarbeet (Beta vulgaris L.) fibrous roots has a distinctly different order of preference for nucleoside diphosphate substrates than that of the taproot enzyme Plant Physiol 64: 1070-1073. Separation and quantitation of UDP, ADP, and GDP in root extracts by high-pressure liquid chromatography revealed that UDP levels in taproot tissue were 5 to 10 times greater than those of fibrous root tissues. The lower fibrous root UDP levels were associated with significantly higher ADP and GDP levels in these roots as compared to the taproot. These differences are consistent with differences in the substrate affinity of sucrose synthase and suggest a regulatory role of the enzyme in the control of sucrose cleavage and utilization between the two root types.
Photosynthate partitioning among plant growth centers may be controlled by their relative mobilizing capacities (7) . Mobilization of sucrose by sugarbeet (Beta vulgaris L.) storage roots (taproots) involves both enzymic conversions and membrane transport processes resulting in allocation of the photosynthate between root growth and sucrose storage (1, 3) .
Our previous studies have demonstrated that photosynthate partitioning between sugarbeet taproots and fibrous roots (expressed quantitatively as TFWR2) is genetically controlled (6) . The TFWR, in turn, is positively correlated with photosynthate partitioning between taproot and leaf laminae (expressed as TLWR) (4) , and both partitioning parameters are correlated with the activity of enzymes of sucrose metabolism in the taproot (4). Sucrose synthase (EC 2.4.1.13) activity was observed in both taproot and fibrous roots, but the taproot sucrose synthase showed a higher affinity for UDP than for ADP as substrate, as inferred from the respective Km values. Conversely, the fibrous root enzyme had a higher affinity for ADP (5 two root types represent competing sinks for sucrose. Therefore, the rate of enzymic cleavage of sucrose in one sink versus the other may influence allocation between the two sinks. Furthermore, different NDP substrate affmities for taproot versus fibrous root sucrose synthase suggests a mechanism to control independently the enzyme activity in each of the two adjacent sinks.
In order to validate a regulatory role for the UDP-and ADPdependent sucrose synthases, it was necessary to determine the relative levels of these and related NDPs in the tissues of taproots and fibrous roots. The results of these experiments are reported herein.
MATERIALS AND METHODS
Plant Material. Sugarbeet plants of breeding line EL-40 were grown from seed in a controlled environment chamber as described previously (4), and plants were harvested at 35 d postemergence. Taproots and fibrous roots were separated, frozen in liquid N2, and lyophilized. Inasmuch as individual root mass per plant was too small for the analyses, taproots and fibrous roots of each plant were pooled into groups representing five to six plants with each pool representing plants with a similar TLWR. Roots were stored at -20°C, and then the pooled roots were finely ground prior to analyses as described elsewhere (5).
NDP Extraction. The 50-mg samples of lyophilized root tissue were ground in a mortar containing 2 ml 0.25 N HC104, and the homogenate was centrifuged at 10OOg for 10 min at 5°C. The supernatant was decanted, and the pellet was resuspended in 1.2 ml HC104 followed by centrifugation as above. The supernatants were combined, and the pH was adjusted to 6.5 with KOH. The extract was retained on ice to allow precipitation of the resultant KC104. The precipitate was collected by centrifugation as above.
The combined supernatants were added to a Dowex3 50 cation exchange column (chloride) (8 x 70 mm), eluted in 30 ml H20, collected at 0°C and immediately frozen in liquid N2. The frozen samples were then lyophilized, rehydrated in 1.5 300 mm) were used for separation of the NDPs. The mobile phase was 0.4 M KH2PO4, (pH 5.5) flowing at a rate of 1.0 ml/min. Peaks were identified by a UV detector (254 nm) equipped with flow cell and attached to a recorder. The system was linked to a Varian CDS 111 computer, programmed to provide an output in nmol/mg dry weight. Peak identification and quantitation were accomplished by coinjection of standards of each NDP. At least four injections were performed for each extraction.
RESULTS AND DISCUSSION
Sugarbeet taproots contained higher levels of UDP than the fibrous roots (Table I) . OF all NDPs assayed, UDP was present in highest concentrations in extracts of both taproots and fibrous roots. These data are consistent with our previous report of UDPdependent sucrose synthase activity in both the taproot and fibrous roots of sugarbeet (5). However, the taproot enzyme has a higher Vma.x and higher affinity for UDP than the fibrous root enzyme (5) . In addition, the fibrous root sucrose synthase was inhibited by UDP at concentrations above 10 mm. The UDP-dependent sucrose synthase is believed to play a key role in the development of sucrose storage capacity of sugarbeet taproots (1, 2, 5) . Taproots used in the present study were already actively accumulating sucrose (4) .
Fibrous roots contained about half as much ADP as UDP (Table 1) . However, less than 0.1 nmol of ADP/g dry weight was detected in the taproot. This is consistent with the reported presence of an ADP-dependent sucrose synthase in fibrous roots and absence of it in taproot extracts (5) . The presence of significantly higher levels of ADP in the fibrous roots than in taproots, combined with previously reported enzyme kinetic data suggesting that fibrous root sucrose synthase has a greater affmity for ADP as substrate (5), strongly indicates a possible regulatory role for ADP-dependent sucrose synthase in the fibrous roots of sugarbeet. Previous studies had demonstrated a broader NDP substrate specificity for the fibrous-root sucrose synthase than than that of the taproot enzyme (5). However, GDP was the only NDP detected besides UDP and ADP, and GDP was detected only in the fibrous roots (Table I) .
Difference in taproot fresh weight and TLWR existed among the four pools of sugarbeet plants (Table II) . However, these differences in growth rate and dry matter partitioning among plant organs are not reflected in NDP levels (Table I) . Earlier studies had shown no correlation between the UDP-dependent sucrose synthase of the taproot and TLWR or TFWR (4) . The ADP-dependent sucrose synthase of the fibrous roots was not examined as a function of these partitioning ratios.
In conclusion, sugarbeet fibrous roots contain both higher ADP levels and higher ADP-dependent sucrose synthase activity than the taproot, while the reverse is true for UDP and UDP-dependent sucrose synthase. This relationship is consistent with the hypothesis that sucrose synthase has a regulatory role in the control of sucrose cleavage and utilization by the two root types. Additional data are needed on the levels of nucleoside mono-and tri-phosphates, their cellular compartmentation, and turnover rates. Sucrose synthase of the two root types may not only be controlled via different NDP substrate affinities, but also may be linked to energy charge and membrane transport activity. Finally, if sucrose synthase functions in the formation ofNDP-glucose, then separate pathways to polymer (e.g. cellulose) synthesis are possible in the two root types.
